Synaptotagmin is a Ca
2+ sensing protein, which triggers a fusion of synaptic vesicles in neuronal transmission. Little is known regarding the expression of Ca
2+
-dependent synaptotagmin isoforms and their contribution to the release of secretory vesicles in mouse and rat parotid acinar cells. We investigated a type of Ca
-dependent synaptotagmin and Ca 2+ signaling in both rat and mouse parotid acinar cells using RT-PCR, microfluorometry, and amylase assay. Mouse parotid acinar cells exhibited much more sensitive amylase release in response to muscarinic stimulation than did rat parotid acinar cells. However, transient [Ca 2+ ]i increases and Ca 2+ influx in response to muscarinic stimulation in both cells were identical, suggesting that the expression or activity of the Ca 2+ sensing proteins is different. Seven Ca
-dependent synaptotagmins, from 1 to 7, were expressed in the mouse parotid acinar cells. However, in the rat parotid acinar cells, only synaptotagmins 1, 3, 4 and 7 were expressed. These results indicate that the expression of Ca 2+ -dependent synaptotagmins may contribute to the release of secretory vesicles in parotid acinar cells.
INTRODUCTION
Mammalian salivary protein secretion is evoked largely by β-adrenergic stimulation, which generates an intracellular second messenger, cAMP, followed by the activation of cAMP-dependent protein kinase (PKA).
1,2 Salivary fluid secretion is regulated by increases in the intracellular concentration of Ca 2+ ([Ca 2+ ]i), via cholinergic and α-adrenergic stimulation, which opens Ca 2+ -activated Cl -channels at the luminal membrane and evokes fluid secretion. 3 In the parotid acinar cells most exocytosis is regulated by [cAMP] i increases without affecting [Ca 2+ ]i and PKA activation is essential for cAMP-dependent exocytotic secretion. 1, 2, 4 However, [Ca 2+ ]i increases with muscarinic stimulation also evoke the release of secretory vesicles without affecting [cAMP]i, although the amount of protein secretion by Ca 2+ is lower than by cAMP. 5, 6 However, the exact mechanism underlying the Ca
2+
-dependent exocytotic pathway in salivary protein secretion has not yet been clearly elucidated.
The mechanism of Ca 2+ -dependent exocytotic pathway in neuronal cells has been known well and is known to be mediated by SNAREs (soluble N-ethylmaleimide-sensitive fusion protein attachment protein receptors). In neuronal cells, the assembly of a core complex composed of three proteins mediates exocytosis: Vesicleassociated membrane protein 2 (VAMP2) is a vesicle-associated SNARE, and syntaxin1 and SNAP-25 are target membrane SNAREs (t-SNARE). 7, 8 These proteins spontaneously assemble into a functional complex, and are sufficient to mediate exocytosis. 9, 10 In neuronal cells, the 
MATERIALS AND METHODS

Preparation of parotid acinar cells from mice and rats
Male Sprague-Dawley rats (150-250 g) and ICR strain mice (23-28 g ) were sacrificed by cervical dislocation. The cells were prepared from the parotids of SD rats and ICR mice by limited collagenase digestion as previously described. 19 In order to achieve pure isolation of acinar cells, density gradient centrifugation was performed with Accudenz, and pure acinar cells were confirmed via light microscope. 20 After isolation, the acinar cells were resuspended in an extracellular physiologic salt solution (PSS), the composition of which was as follows: NaCl, 140 mM; KCl, 5 mM; MgCl2, 1 mM; CaCl2, 1 mM; HEPES, 10 mM; and glucose, 10 mM titrated to pH 7.4 with NaOH. The osmolality of the extracellular solution (measured with a FISKE 110 osmometer), was 310 mOsm.
[Ca
2+
]i measurement Cells were incubated for 40 min in PSS containing 5 µM fura 2-acetoxymethyl ester (Teflabs Inc., Austin, TX, USA) with Pluronic F-127 to enhance dye loading. Changes in [Ca 2+ ]i were measured by means of fura 2 fluorescence, with excitation wavelengths of 340 nm and 380 nm, and an emission wavelength of 510 nm at room temperature. Background fluorescence was subtracted from the raw signals at each excitation wavelength before calculating the fluorescence ratio as follows: Ratio=F340/F380. The emitted fluorescence was monitored with a CCD camera (Photon Technology International Inc., Lawrenceville, NJ) attached to an inverted microscope. Fluorescence images were obtained at 2 s interval. 21 Each cell was then stimulated by carbachol in a dose-dependent manner.
Amylase assay
Animals were allowed water but starved for 24 hr prior to the experiment. Each acinar cell was stimulated with equal concentrations of the carbachol used in the [Ca 2+ ]i measurement study. Acinar cells were incubated with carbachol for 20 min in a shaking incubator at 37 and 60 rpm. The carbachol concentrations were followed in a dose-dependent manner. Acinar cells were lysed by sonication. The lysates were clarified by centrifugation at 13,000 rpm for 10 min. The total amylase content, or content of amylase released into the medium, was determined by the method described by Bernfeld et al. 22 Aliquots of the incubation medium and the supernatants of the homogenized glands were incubated at 37 with a 0.5% starch suspension for 10 min. Absorbance was measured at a wavelength of 540 nm. Amylase activity in the medium was expressed as a percentage of the total activity.
Western blotting
Protein extracts were prepared from parotid acinar cells as follows. Pure acinar cells were washed with ice-cold PBS and then lysed by the addition of Tris-Hcl, NaCl, and EDTA buffer (1% NP-40, 10 mM of Tris HCl [pH 7.8], 150 mM NaCl, 1 mM of EDTA, 2 mM of Na3VO4, 10 mM of NaF, 10 g/mL of aprotinin, 10 μ g/mL leupeptine, 10 μ μ g/ mL of PMSF). The lysates were clarified by centrifugation at 13,000 rpm for 10 min. Samples were separated by 12% SDS-PAGE. Proteins in the gel were transferred onto nitrocellulose membrane (Schleicher and Schuell Bioscience, Dassel, Germany) for 1 h at a current of 200 mA. The nitrocellulose membrane was blocked by incubation in 6% skim milk in TTBS buffer [1X TBS solution + 0.1% Tween 20] . The membrane was then probed overnight at 4 with each primary antibody, antisynaptotagmin 1 (Alomone Labs, Jerusalem, Israel) polyclonal antibody (1 : 500). After the membrane was washed three times with buffer TTBS, it was incubated with horseradish peroxidase conjugated secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) in TTBS buffer containing 3% skim milk for 1 h at room temperature, and again washed with TTBS buffer. Detection was performed using an ECL detection system (Amersham Biosciences, Uppsala, Sweden) and immunoreactive bands were visualized using Medical X-Ray film (AGFA).
RT-PCR
Total RNA was isolated from brain and acinar cells. Brains were homogenized using homogenizer with Liquid Nitrogen. Total RNA was isolated using Trizol reagent (Sigma, Saint Louise, Missouri, USA), chloroform, and isopropanol. Relative RT-PCR was performed to measure the gene expression of the synaptotagmin isoforms. The specific primers for each synaptotagmin isoform are described in Table 1 . Polymerase Chain Reactions were performed on a T gradient 96 PCR machine (Biometra Co., Gottingen, Germany) using 1~2 nM of cDNA,
Data analysis and statistics
Results are expressed as the mean ± S.E.M. The statistical significances of differences between groups were determined using Student's T-tests. In statistical tests, p values of less than 0.05 were considered to be significant.
RESULTS
Ca
2+
-dependent exocytosis is much more sensitive to carbachol in mouse parotid acinar cells
In order to compare amylase release between -dependent exocytosis in mouse cells was about twice as sensitive to agonist than it was in rat cells. It is of note that the extent of exocytosis at the optimal concentration of 100 M carbachol was the same in both cell μ types. ]i levels.
Ca
Different expression of Ca
2+ -dependent synaptotagmins
Since there were no differences in Ca 2+ response between rat and mouse parotid acinar cells, we hypothesized that the expression of Ca
2+
-sensing protein differed between the cell types. It is generally accepted that one of the protein closely related to Ca 2+ -triggering exocytosis is synaptotagmin, which has 15 different isoforms and 7 Ca 2+ -dependent types from 1 to 7.
8,23-25 RT-PCR for the specific 7 Ca 2+ -dependent types was performed in both the rat and mouse brains as a positive control, as the brains of both animals are known to harbor all varieties of synaptotagmin. Mice and rats brain expressed 7 Ca 2+ -dependent synaptotagmins in Fig. 2A . In parotid acinar cells, mice express 7 Ca 2+ -dependent synaptotagmins, whereas rats express only synaptotagmin types 1, 3, 4, and 7.
Synaptotagmin 1 is expressed in exocrine gland cells
Since the expression of synaptotagmin 1 in rat parotid gland acinar cells remains unclear, 18, 26 we performed Western blotting on brain, parotid, submandibular, and pancreatic acinar cells from both rats and mice using pAb against synaptotagmin 1 (Fig. 2C) . Western blot data show that synaptotagmin 1 was expressed in exocrine gland cells including rat parotid acinar cells (n=4). The expression levels of synaptotagmin I compared to the brain microsome in mice, were 0.77 ± 0.11% in the parotid acini, 0.2 ± 0.07% in the submandibular acini, and 0.55 ± 0.08% in pancreatic acini; in rats, 0.69 ± 0.16% in the parotid acini, 0.25 ± 0.04% in the submandibular acini, and 0.46 ± 0.04% in pancreatic acini. Interestingly, there are no differences in expression levels between rat and mouse brain microsome.
DISCUSSION
In the present work, we studied the expression of Ca 2+ -dependent synaptotagmins in rat and mouse parotid acinar cells, the expression of which has been mainly reported in brain tissues. 27 Synaptotagmin functions as a Ca 2+ sensor in neuronal cells, in which the cytoplasmic domain contains two C2 repeats capable of binding phospholipids in a Ca 2+ -dependent manner. 28 Among the synaptotagmins, synaptotagmin 1 mainly found in the nervous system has been intensively studied and found especially in synaptic vesicles and dense-core vesicles and serves as a major Ca 2+ regulator of neurotransmitter release in the fast release of synaptic vesicles. 27 In this study we have shown that synaptotagmin 1 is also present in parotid acini with RT-PCR and western blot. Moreover, we found that submandibular and pancreatic acinar cells also express synaptotagmin 1 with the same Ab, suggesting that most of the exocrine gland acini have synaptotagmin 1, and that the protein may be generally involved in regulating exocytosis of secretory vesicles. However, still in non-neuronal cells including pancreas and parotid, the functional role of synaptotagmins is not investigated, because method for identifying its functional role is not available. Previously we published a low level expression of synaptotagmins in pancreatic acinar cells from sarco/endoplasmic reticulum ATPase 2 hetero- 
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zygote mice and its wild type. 29 In Fig. 2C , the expression level of synaptotagmin 1 in the parotid, submandibular, and pancreatic acinar cells was lower than that in the brain, indicating that the exocrine gland cells utilize a different Ca
2+
-sensing and regulatory mechanism to secrete secretory vesicles than do neuronal cells.
The most notable finding in this study is that rat and mouse parotid acinar cells have different Ca
-dependent synaptotagmins and that this could be related to their ability with regard to exocytosis of salivary proteins, such as amylase. RT-PCR results in Fig. 2 Based on these reports, we suggest that the expression of Ca 2+ -dependent synaptotagmins evoked the high sensitivity of amylase release in respond to muscarinic stimulation in mouse parotid acinar cells in Fig. 1A . Ca
is a key regulator of many cellular processes. 30 In Figs. 1B 
